Abstract. We study theoretically the possibility of spontaneous switching between dim and bright fluorescence modes from a cooperative ensemble of two-level atoms driven by a cw-laser. A numerical analysis of transient regimes and transformations of the fluorescence spectrum are reported.
We study a bistability of two-level light emitters that are collected in a cooperative ensemble. It is known from the theories and experiments that many-particle systems may exhibit collective behavior because of interactions, like dipole-dipole, that are allowed or enhanced under certain conditions. Emission of light from such ensembles may be different than that from an uncorrelated group. Coherent spontaneous emission, superradiance, collective fluorescence and accompanying effects have been studied for several decades. At the same time a great number of problems specific for many-particle systems remain a challenge for theorists. The problem we apply to in this work is the fact that any cooperative system is likely to become optically bistable [1, 2] . In other words, there may be conditions for multiple steady-state populations and polarizations of the particles, realizable for the same external parameters. The presence of the material that hosts the light emitters brings changes and must be considered carefully even if it is a pure dielectric and any other interactions, like phonons, are neglected using valid approximations [3] .
We use a generalized system of optical Bloch equations derived for an emitter in an ensemble of motionless similar particles embedded in a dielectric medium, which is transparent for the incident light [3] [4] . The system is written with the effective rates of individual and collective radiative relaxation rates of the emitters, the Rabi frequency, and the effective transition-frequency shift caused by the presence of the dielectric host. The system's parameters are functions of the real and imaginary parts of the host's permittivity. The steady state solutions give hysteresis loops for the excited-state population of a two-level emitter if written as functions of the cw-laser field strength as shown in Fig. 1a . This population determines the total intensity of fluorescence and demonstrates the possibilities for switching between dim and bright fluorescence modes. If tuned near the hysteresis threshold points the system may be perturbed by either a fluctuation of the laser field or a small change in the density of the emitters. This perturbation is then likely to trigger the switching. The transient regimes were simulated by solving the equations numerically. It appeared to be a long-time switching process and it was shown to be orders of magnitude (10 ସ and may be longer) longer than the excitation lifetime (see Fig. 1. b and с) . When switching between the dim and the bright fluorescence occurs some transformations of the fluorescence spectrum are obviously expected. It was shown to be so by calculations of the fluorescence spectra both analytically and numerically. We assume, that the discussed effects could be observed experimentally by photon echo technique [5] [6] [7] or various methods of laser site-selective spectroscopy at low temperatures [8] .
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